We reanalyze the D * + π − mass spectrum from CLEO II by the VMW method in order to examine the existence of a chiral axial-vector state, which is predicted in a covariant levelclassification scheme recently proposed, other than normal orbitally-excited P -wave states in the D meson system. A result of the present analysis seems to suggest that there exists an extra axial-vector meson, in addition to the two normal ones, in a similar mass region. §1. Introduction
§1. Introduction
In the constituent quark model, together with heavy quark symmetry, the lowestlying positive parity excitations of heavy-light Qq meson systems are expected, in the limit m Q → ∞, to be two degenerate spin doublets with the total angular momentum j q = 1/2 and 3/2 of the light quark, that is, four orbitally-excited states with L = 1 labeled as jq L J = 1/2 P 0 , 1/2 P 1 for the j q = 1 2 doublet, = 3/2 P 1 , 3/2 P 2 for the j q = 3 2 doublet. In this limit heavy quark symmetry further requires that the j q = 1/2 states decay to 1/2 S 0 + π or 1/2 S 1 + π only in an S-wave, while the j q = 3/2 states decay only in a D-wave. It is therefore expected that the decay widths of the j q = 1/2 and 3/2 states are broad and narrow, respectively.
On the one hand, a covariant level-classification scheme of quark-antiquark meson systems has been proposed, which gives them a covariant quark representation with definite Lorentz and chiral transformation properties. 1) In this scheme, assuming that chiral symmetry for the light-quark component in heavy-light meson systems is effective, the existence of extra scalar and axial-vector states is predicted, respectively, as chiral partners of the ground-state pseudoscalar and vector mesons. These what we call chiral scalar and axial-vector mesons are distinguished from the above-mentioned P -wave states, since the chiral scalar state is an analogue of the σ(400 − 600) meson, which is difficult to be interpreted as the 3 P 0 state, as a chiral partner of the π meson in the light-quark system.
In this report we present a possible evidence for the chiral axial-vector state, D We reanalyze the D * + π − mass spectrum, published by CLEO Collaboration, 2) by the VMW method in which the production amplitude is expressed by a sum of Breit-Wigner amplitudes for relevant resonances.
In the present analysis we take into account the four states
which can decay to D * π. Then, following the VMW method, the production amplitude is given by
where r 1 , ..., r 4 and θ 1 , ..., θ 4 are the production couplings and phases of respective resonances, and we assumed that D χ 1 and D * 1 decay only through an S-wave, while D 1 only through a D-wave. The background D * π mass distribution is fit with a five-parameter threshould function given by
where the parameters α, β, γ 1 , γ 2 and γ 3 are fixed through the fit to the total D * π mass spectrum. Using the above production amplitude and background, we fit the D * π mass spectrum in the following three cases: In all the three cases of fits the χ 2 /N dof is best for the high-mass D * 1 fit, though they are not so different from each other. It would be worth while noting that the two cases of fits with D χ 1 seem to describe the data better than the fit without D χ 1 in the mass region 2.15−2.5 GeV, where there appears to be an excess of data events at the mass 2.31−2.33 GeV. §3. Theoretical remarks on the results
We consider the mass splitting and mixing of P -wave meson multiplets, based on the Breit-Fermi Hamiltonian with vector-gluon and long-range-scalar exchange, where we ignore the P -wave D 1 and D * 1 states mixing with the chiral D χ 1 state. Taking a static potential due to single vector-gluon exchange to be −4α s /3r, the spin-dependent part of the Hamiltonian for P -wave states can be expressed, to first order 1/m Q , as
where V s (r) is the static potential due to long-range-scalar exchange and the spinspin interaction is neglected because of its contact nature. The Hamiltonian δH gives rise to the mass splittings among P -wave multiplets and the mixing between the 3/2 P 1 and 1/2 P 1 states. Treating δH as a first-order perturbation and using the mass values of D 
